Aims: Investigate subjective health complaints (SHC) in chronic whiplash associated disorder (WAD, grade I & II) patients, and to identify physical, psychological, and collision associated factors that might be associated with high levels of comorbidity. Method: During the years 2000-2002 171 chronic WAD patients filled in questionnaires and underwent physical examination. The prevalence of SHC was recorded and compared with a representative sample of the Norwegian population (n=1014). Results: The chronic WAD patients reported higher number of subjective health complaints (median: 9) than the general population (median: 5). They showed significantly higher risk of reporting all musculoskeletal complaints, palpitation, heat flushes, sleep problems, tiredness, dizziness, anxiety, depression, breathing difficulties, chest pain, coughing, heartburn, gas discomfort, and obstipation. The patients with the highest level of comorbid subjective health complaints also reported more function loss, reading difficulties, poorer quality of life, higher psychological distress, higher use of medication, and less optimism about their situation. There were no differences however, in any collision factors or physical meassures recorded by physiotherapists between the high, medium and low comorbidity groups. Conclusion: The high comorbidity of other complaints, the strong relationships between degree of comorbidity and psychological factors, and the lack of relationships between degree of comorbidity and collision factors and physical tests, suggest that chronic WAD is best understood as a syndrome and not simply as a neck injury. Sensitization is suggested as a possible psychobiological mechanism.
INTRODUCTION
Whiplash was defined in 1995 by the Quebec Task Force as an acceleration-deceleration mechanism of energy transfer to the neck. It may result in bony or soft tissue injuries (whiplash injury), which in turn may lead to a wide variety of clinical manifestations (whiplash-associated disorders) (WAD) graded 0 (none) I-II (symptoms with unknown pathology), III (symptoms and neurological signs), and IV (symptoms and cervical fracture and/or dislocation) (1) . Grade I and II patients represent up to 90% of "whiplash injury claims" (2) . The annual incidence of acute WAD is reported to vary from 0.8 to 4.2 per 1000 inhabitants, depending on the populations studied, type of accidents, and inclusions and exclusions criteria of studies (3) . The proportion that report pain and disability 6 months after the accident (i.e. chronic WAD) varies substantially between studies and countries (4) (5) (6) .
Pain in neck, head and shoulders are prevalent in chronic WAD patients, together with related symptoms like neck stiffness, dizziness, fatigue, sleeping and concentration problems (3, 7) , and impairment in cognitive performance (8) . A higher prevalence of allergy, breathing disorders, hypertension, cardiovascular disorders and digestive disorders with moderate or severe impact on health has also been reported (9) . There have also been reported higher prevalence of depression and anxiety in chronic WAD patients (10) , and a history of psychiatric disease have been found to be associated with chronic WAD, and might suggest that development of chronic symptoms after a whiplash injury might be associated with psychiatric vulnerability (11) . Psychological factors are suggested to be more important than collision severity in predicting the severity of complaints in collision victims with WAD grade I and II (12) , and several studies have suggested that a psychosomatic or psychosocial approach is necessary to understand the development of chronic WAD (12, 13) . As with other functional somatic syndromes, it is a problem that the complaints involved are very common in the general population and that there often are no specific symptoms or findings that are specific for chronic WAD. Comorbidity is a common feature of functional somatic syndromes, although the prevalence of comorbid complaints in patients seems to vary considerable within the different syndromes (14, 15) .
The aim of this study was to investigate subjective health complaints in chronic WAD patients, and to identify physical measures, and psychological and collision factors that might be associated with high levels of comorbidity.
METHODS

Material
General population
In spring 2003 the opinion poll firm Norwegian Gallup collected data during the monthly national omnibus registrations. A standard procedure of computer assisted telephone interviewing was followed: A sample was drawn randomly, using telephone numbers in proportion to the population in each small municipally, to ensure a representative sample of the adult population (≥15 yrs). The respondent in each household was selected by interviewing the one who had the most recent birthday, with five recalls if not reached. The procedure was repeated until the needed sample of approximately 1000 was obtained (N=1014). Classic response rates for quota sample surveys are not quantifiable; however it is indicated that 30 to 55% of eligible subjects responded at each survey. The main reasons for not participating is usually lack of time, objections to telephone interview, or no particular reason.
WAD patients
Patients were recruited through a large insurance company from 2000 to 2002 requesting their participation in a large intervention study at Friskvernklinikken, Asker. Patients of both genders (18-60 years) that had experienced a traffic accident 6-12 months earlier and with symptoms according to WAD grade I-II (1) were selected. Patients that were pregnant, had known abuse of alcohol and drugs, serious illness, or pronounced language difficulties were excluded. Based on the executive officers registrations from the insurance company, approximately 85% of the persons asked were included in the study, resulting in 171 patients from all five health regions of Norway. All patients had unsettled insurance claims. Included patients were referred for a physical examination by a specialist in manual therapy and a physiotherapist at Friskvernklinikken, an out-patient clinic for physical medicine and rehabilitation in Norway. Here they also answered a questionnaire.
Ethics
Informed and written consent was obtained from all patients. The study was approved by the Regional Committee for Medical Research Ethics.
Measurements
The questionnaire contained questions about current quality of life (worst possible=1, best possible=10), use of medication (1=never, 2=weekly or more seldom, 3=daily), and two statements regarding optimism concerning their neck pain (no/yes).
Subjective health complaints
The Subjective Health Complaints Inventory, SHC, consists of a list of 29 common health complaints, such as different musculoskeletal, gastrointestinal, and allergic complaints, breathing difficulties, palpitation, dizziness, tiredness, sleep problems, anxiety, depression, and flu related complaints (16) . Responders are asked to grade intensity of each complaint on a fourpoint scale (0=not at all; 1=a little; 2=some; 3=severe) as experienced last month.
Education
Education was measured by a variable consisting of 6 categories: 1=no education, 2=1-6 years of elementary school, 3=7-9 years of elementary school, 4=high school, 5=1-4 years of education at university level, and 6=more than 4 years of education at university level. For the purpose of this study the variable was recoded into three categories: 1+2+3=elementary school, 4=high school, and 5+6=university.
Marital status
Marital status was measured by 5 categories: 1=single, 2=married, 3=living together, 4=widower, 5=divorced. For the purpose of this study marital status was dichotomized to single (1+4+5) and married (2+3).
Collision factors
All information on collision factors was based on selfreport. The patients were asked about position in vehicle (driver, front seat passenger, back seat passenger), type of accident (rear end, side on, head on, or other), if the car was condemned after the accident (no/yes), and speed of own vehicle at the time of the accident. In addition they were asked what immediate actions that were taken in terms of X-ray and MR, and if they were sent to an emergency centre, emergency room at a hospital, to their general practitioner, or both emergency centre and hospital.
Physical activity
The patients were asked to indicate in the questionnaire if they had been physically active during the last year on a regular basis. Physical activity was defined as doing sports, walking etc. for more than 45 minutes, and the categorized answers were 1=no, 2=once a week, 3=twice a week, and 4=three or more times per week. For the purpose of this study physical activity was dichotomized to < twice a week (1+2) and ≥ twice a week (3+4).
Self-reported disability
A modified version of the Roland & Morris disability questionnaire (17) was applied, using "neck" instead of "back" in describing symptom localization. The Roland & Morris disability questionnaire consists of 24 statements regarding activity restrictions in daily life, and the respondents are asked to indicate which statements describe best their current status. A sum score was calculated (range 0-24); a sum score above 14 is usually regarded as having severe activity limitations.
Sickness absence
Patients were asked to report if they were on current sick leave (no/yes).
Psychological distress
The HSCL-25-item questionnaire was used to register psychological distress with the sub-dimensions anxiety, depression and somatisation during the last week (18, 19) . A mean total-score equal to or above 1.75 is usually regarded as a psychiatric case (20) .
Physical measures
BMI
The specialist measured weight and height of each patient, and BMI was calculated.
The physiotherapist recorded several physical measures and tests:
Aerobic capacity Aerobic capacity was measured using the Aastrand's test (21) . This is an indirect method of calculating the maximal oxygen consumption using large muscle groups on an ergometer-bicycle. The patient is brought into a steady state of pulse at a fixed working load. The value is compared with a table concerning the patient's sex and age. The result is used as an indicator of VO 2 max.
Neck stability
Neck stability testing was registered as the patients' ability to hold (in seconds) his head in a fixed position (22) . The patient was lying supine, holding his head in a mid position slightly elevated from the surface. The patient was instructed to slightly withdraw his cheek to achieve a mid position.
Cervical range of motion
Cervical range of motion (ROM) was measured using the Cervical Measurement System (CMS) (23) with the patient in a sitting position. By using a device formed as a helmet and mounted with compasses on top, side and front, one is able to read the range of motion in degrees. Statistics SPSS 12.0.1 for Windows was used for the statistical analyses. Logistic regression was used to analyze differences between WAD patients and the general population in risk of reporting complaints. Gender, age and educational level were included in the analysis to control for potential confounding effects. Odds ratios and 95% confidence intervals were calculated for WAD patients vs. the general population both for reporting any complaints (score above 0) and for reporting substantial complaints (score above 1) for each of the 29 complaints. A score of number of subjective health complaints was constructed, excluding neck pain (0-28). Frequencies of having 0 to 28 complaints were calculated. Percentiles (33.3 and 66.7) were used to divide the patients into low (≤ 7 other complaints), medium (8-11 other complaints), and high comorbidity groups (12-28 other complaints) . Differences between groups were tested by chi-square and ANOVA, and tests for trends were conducted by linear-by-linear associations (categorical variables) and linear regressions (continuous variables).
RESULTS
The WAD patients had a significantly higher proprtion (67%) of women than the general population sample (51%) (p<.001). The WAD patients were also significantly younger (mean (95% CI): 36.2 (34.4-37.9)) than the general population sample (46.3 (45.3-47.4), p<.001). There were no significant educational differences.
Chronic WAD patients vs general population
The chronic WAD patients reported higher number of subjective health complaints (median: 9) than the general population (median: 5) (figure 1).
The most common complaints in WAD patients were headache, tiredness, sleep problems, shoulder pain, and back pain, and as much as 65 to 96% reported such complaints (table 1). The chronic WAD patients showed significantly higher risk of reporting musculoskeletal pain (table 1). They also showed significantly higher risk of reporting palpitation, heat flushes, sleep problems, tiredness, dizziness, anxiety, depression, breathing difficulties, chest pain, coughing, heartburn, gas discomfort, and obstipation. The same pattern was true for substantial complaints, except for migraine, heartburn, breathing difficulties, and chest pain where there were no significant differences between the two groups. The WAD patients showed higher risk of reporting substantial complaints with diarrhoea and allergy.
Differences between low, medium, and high comorbidity groups
There was a significantly higher proportion of the high morbidity group that were women and single (table 2). There were no differences in age and education between the groups. Neither were there any significant trends in proportion that were sick listed or that reported physical activity two or more times per week between the comorbidity groups. The high comorbidity group had sigificantly poorer quality of life, and more problems with reading difficulties and daily functioning compaired with the low comorbidity group. They also reported significantly higher use of painkillers and tranquilizers. In the high comorbidity group, 79% scored above 1.75 on psychological distress scale and could be regarded as a SHCL case, however, only 22% in the low comorbidity group scored over this limit. There were significantly higher scores in the high comorbidity group on SHCL somatization, SHCL depression, and SHCL anxiety score. The two statements reflecting optimism showed that significantly less individuals in the high comorbidity group reported that they believed they could decrease the complaints themselves or that their complaints would disappear (table 2) .
There were no significant differences between the groups in any of the collision factors investigated, such as position in vehicle, type of accident, damage of car, or self-reported speed (table 3) . There was significantly more patients in the high comorbidity group that reported to have been sent to X-ray immediatly after the accident, otherwise there were no differences in immediate initiative after accident. The high comorbidity group did not differ significantly from the other groups on any of the physical measures taken by the physiotherapists (table 4) .
DISCUSSION
The chronic WAD patients reported a higher prevalence than the general population on the majority of subjective health complaints. The exceptions were pain in feet after strain, stomach pain and discomfort, ulcer and non ulcer dyspepsia, diarrhea, asthma, eczema, and cold/flu. The WAD patients with the highest level of comorbid complaints reported poorer function in daily life, more reading difficulties, poorer quality of life, higher psychological distress, higher use of medication, and less optimism about their situation. There were no differences however, in any collision factors or physical meassures recorded by manueltherapists between the comorbidity groups. The broad spectrum of comorbid complaints found are in concordance with other studies (3, 5, 7, 9, 10) , and support that chronic WAD is best understood by a psychobiological or psychosomatic approach, and extending beyond what can be simply labeled as a neck injury (7). High comorbidity is reported for several functional somatic disorders, and patients diagnosed with e.g. irritable bowel syndrome or food hypersensitivity, have a higher risk of reporting musculoskeletal pain than the general population or even low back pain patients, but approximately the same risk as the chronic WAD patients in this study (14, 15, 24) . In this crosssectional study however, it is impossible to conclude on causal relationships. Despite this, there are some additional findings in our study that seems to further support a psychobiological or psychosomatic appr-oach. First, even though the high comorbidity group reported poorer physical function in daily life, they did not show significantly poorer performance on the physical tests. Second, we found no differences between the comorbidity groups in self-reported collision factors or severity of accident. Some collision-related factors such as non-rear-end impact, lack of seat belt use, and rotated head position at the time of impact, have been suggested to influence prognosis of WAD (25) , although this is contradicted by other studies showing that damage of vehicle had no predictive value for disability in WAD patients (26) . Psychological factors seem to be more important than collision severity in predicting the duration and intensity of symptoms in WAD patients (12) . This is in accordance with our study where we found higher levels of psychological distress and lower optimism in the high comorbidity group. A score of 1.75 or higher on the total HSCL score is considered as a symptom of depression (20) , and in our study 79% of the participants in the high comorbidity group reported such a score. In the general population in Norway, about 10% have a mean value of 1.75 or higher on the total HSCL score (27) .
All patients included in our study were having ongoing compensation claims and where initially recruited to participate in an intervention study to treat WAD. The sample is therefore highly selected, and the prevalence and findings might therefore not be representative for whiplash patients without or with settled insurance claims. Eliminating compensation for pain and suffering is associated with a decrease in incidence and improved prognosis of whiplash injury (28) . In general, insurance and compensation systems may have a large impact on recovery from acute whiplash injuries (5, 29) .
Some authors have suggested that allthough physical injury might contribute to some initiative symptoms of whiplash pain, psychological factors might contribute to the persistance of symptoms (8) . Despite this being a cross-sectional study giving us no possibility to conclude about causal mechanisms, it is tempting to speculate. First of all, the consequences of a physical injury persisting over time may lead to a number of additional complaints. It is not surprising that individuals seeking help for their WAD in addition to being involved in an insurance claim to get additional complaints including depressive symptoms. A possible psychobiological explanation of the high degree of comorbidity is sensitization. Some of these individuals may in general be more sensitive than others, and therefore being more vulnerable for developing more complaints after e.g. a car accident. Sensitization have been suggested as a psychobiological mechanism for several syndroms characterized by a multitude of subjective health complaints. It is possible to become sensitized after an initial pain episode. Repeated use of the synapses in the nervous system may lead to change in the synaptic efficiency for long time periods, and sensitization is an increased efficency in the synapses. Sensitization processes may be present at several levels of the organism from cellular level, at the psychological level, and at interpersonal level (30) . The spinal cord do "remember pain" and it is possible to develop a cognitive sensitization. Anxious persons have a cognitive processing priority for information related to their fears and will detect fear related information earlier. Their normal cognitive performance is interrupted and their cognitive capacity is absorbed in enhanced processing of information that is related to their concerns (31) . Sensitization may therefore be the mechanism explaining the high number of different pain and complaints from different organ systems in the high comorbidity WAD patients.
CONCLUSION
The high comorbidity of other complaints, the strong relationships between degree of comorbidity and psychological factors, and the lack of relationships between degree of comorbidity and collision factors and physical tests, suggest that chronic WAD is best understood as a syndrome and not as a neck injury. Sensitization is suggested as a possible psychobiological mechanism.
